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An Experimental Summary

@® Introduction

® Knowledge from p-p and p-A collisions
® Mini-review of CERN results

® First datafrom RHIC

® Summary



Hard Probes|n Heavy lon Collisions

} a) formation phase
freeze-out parton scattering

b) hot and dense phase
Quark Gluon Plasma
hot and dense phase Hadron Gas

c) freeze-out
space emission of hadrons

® “hard” probes cc,bb and jets
during formation phase parton scattering processes with large Q?
create high mass or high momentum objects
penetrate hot and dense matter
sensitive to state of hot and dense matter

matter box
beams of — T
hard probes:
jets, /Y ... —
— QGP 2977
* color screening in partonic phase O J/Y suppression
* dE/dx by strong interaction O jet quenching
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Jet in Heavy lon Collisions

® jetsand mini-jets contribute ~30% of particle production
at RHIC energies

® observablein A-A collisions by
® high Pt Ieading particles schematic view of jet production

e azimuthal correlation
hadrons

leading

T/‘/ particle
/
_/

i

hadrons
leading particle

® scattered quarksradiate energy (~ GeV/fm)
In colored medium

e suppression of high p, particles “jet quenching”

e suppression of angular correlation
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Inclusive p,-Distribution in p-p

® Data available over widerange of Vs, but not for 130 GeV
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® power law: o,, =d?N/dp2=A (p0+pt)'n
® interpolate A, p,, nto 130 GeV
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Extrapolating from pp to AA
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® hard scattering processes scale with binary collisions:
L _ — A2
e scaleto min. bias Au-Au: O, =A g,
: L _ 2
e scalingtocentral collisions: g ,,(b,) = a'ppj'db T
0

systematic errors ~20-30% at 5 GeV
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The Cronin Effect

® modification of p, spectrum in p-A collisions:
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® ratioanalyss:

® for p-Au collisons:
e Iincreasesabovel at ~2 GeV
e Saturatesat ~2 GeV

R :iEdzapA Edz%a
pA 2 2
A dp; dp;

e eventually decreasesto 1 at high p,
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Results from the SPS
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® datawell described by pQCD
® dataequally well described by hydrodynamic fit
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Comparing CERN-SPS Pb-Pb to p-p

[N
o

| E=108 AGeV Pb+Pb

A 7° 10% central (WA98)

® h 5% central (NA49)

O m 10% central (NA44)

A ﬂ:l: 5% central Pb+Au (CERES)

o (A+B),/ <Ny =0 (P+P)oare

X.N.Wang

soft/hard
transit‘ion‘?

® R,, exhibitstypical “Cronin effect” behavior

op —_ Aza(pt) O-AA

® at SPSenergy high p, spectra evolve systematically

frompp - pA - AA

no need to invoke energy loss
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Evidence for hard scattering at SPS?

. . J.Rak, CERES
® back-to-back azimuthal angular correlation | giconing, wags
for pionswith p,>1.2 GeV 14 ¢
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First Hintsfrom dN/dn at RHIC

3 X.N. Wang
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/ pp
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scaleslike number of
participating nucleons
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< >hard O-i Ep

scales like number
of binary callisions
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I nclusive p, Spectra of charged Particles

_ _ J.C. Dunlop, STAR
® first high p, datafrom RHIC: F. Messer, PHENIX

e D, rangeto 6 GeV, covering >6 ordersof magnitude
e well above what wasreached at the SPS
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® reasonable agreement:
e small differencesin shape and yield
e centrality selection ...
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Inclusive p, Spectra of Pions

G. David, PHENIX

D i o F. Messer, PHENIX
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® 1°from1lto4 GeV
® good agreement with h- below 2 GeV
® agreement in shapewith e from 0.3to 2.2 GeV
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Remar ks on charged particle spectra
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Comparison to central Au-Au to p-p

® Useidentical p-p parameterization for all data sets
e normalize datato number of binary collisions
e divideby p-p parameterization UA1(130)/42 mb
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® Ratio exhibitscharacteristic features: p, (GeVic)

e increasesupto~2GeV
e saturatesat Ry, <1
e decreaseat high p,

@® |ssues: large systematic error ~30%

e data: normalization, differencesin shape, centrality selection,
p/ p contribution ..

e Systematic uncertainty of p-p parameterization
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Comparison to Central Au-Au to p-p

® systematic check: usedifferent p-p parameterization
e divideby p-p parameterization UA1(130) scaled to T,
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Centrality Dependence of pt Spectra
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e complete systematic for charged
e central and peripheral for T°

® Comparison

to p-p

e central below p-p extrapolation
e peripheral agreereasonably with p-p extrapolation
(note systematic uncertainty ~60% dueto N,;)
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Ratio Central/Peripheral

® normalize central and peripheral to number of collisions

® different systematicerrors:
e many experimental errorscancel

e systematic uncertainty ~60% on N
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® Ratio exhibitscharacteristic features:
e increasesupto~2GeV

e saturatesat Ry, <1 o _
e decreaseat high p, within systematic errors:

RAA<1
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Comparison with QCD calculationsl|

thanks to X.N. Wang for providing calculations
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® excellent agreement with ‘smple’ pQCD calculation
® for charged particlesand for identified m°
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Comparison with QCD Calculations||
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® p-QCD over estimatesthe cross-section

e for ™0 at least afactor of 5
e for charged factor of 2
(calculation does not describep & p contribution)

® shadowing and p,-broadening seem insufficient

® calculation including constant energy loss

e consistent with T°
e for charged magnitude & shapedifferent in detail
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Double-Differential Yields
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double differential yields exhibit interesting structure
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Azimuthal Anisotropy

® Anisotropy in geometry:
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Charged particle anisotropy
0<p,<4.5GeV/c

® STARdata: only statistical errors Raimond Snellings, STAR
plotted. Systematic error 10% - 20%
for p,=2-4.5GeV/c

® Hydro+GLV: M. Gyulassy, |. Vitev and X.N.
Wang, nucl-th/00012092

S~ 1 00 N S I I I I I I I UL I
S ~ o STAR Min. Bias Data (statistical errors only)
' 0,25 F - Hydro+GLYV quench.,dN %/dy=1000 .
49 - Hydro+GLYV quench.,dN 5/dy=500 =

C - Hydro+GLYV quench.,dN %/dy=200 -

0.2 -
0.15F =

0.1 =
0.05 - . -

: Preliminary -

® azimuthal angular correlation measured by v,
e hydrodynamic behavior up to ~1.5 GeV
e followed by saturation

® comparison to arecent theoretical calculation
e compatiblewith jet quenching scenario
e senditivity toinitial conditions
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Hydro+GLV: M. Gyulassy, |. Vitev and X.N. Wang, nucl-th/00012092

Comparison with p, distribution
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@® calculation compatiblewith
e anisotropy measurement
e and p,- spectra
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Summary

® only 4 months after thefirst run at RHIC we saw
very inter esting high-p, data from PHENI X and STAR

e charged and identified particlesp, spectrato 4 -6 GeV
e azimuthal angular correlation out to 4.5 GeV

amount an variety of RHIC data exceeds all expectations

® p, spectrafrom peripheral collisions seem well reproduced by
extrapolations from p-p

® p, spectrafrom central collisions show clear deviation
from p-p extrapolation

high-p, data are consistent with “jet quenching” scenarios

® prematuretodraw definite or quantitative conclusions

e high p,-physics has proven to be a useful new penetrating probe
e complementary to charmoniuum production

® RHIC run 2001. mor e complete experimental setups
higher statistics — higher p,
accur ate p-p reference data
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